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(57) ABSTRACT

By providing a first magnet and a second magnet on wall
surfaces of a hollow section where paper money is conveyed
such that different magnetic poles face each other, a gradient
magnetic field is formed wherein both a magnetic field com-
ponent in an opposing direction to the magnets and a mag-
netic field component in a conveyance direction of the paper
money include a zero point. An AMR element is provided
between the paper money and the first magnet. The AMR
element is enclosed by a multi-layered substrate and covered
with resin. The AMR element is provided in an area where the
magnetic field intensity is weak, which is where the magnetic
field intensity in the gradient magnetic field in the conveyance
direction is near zero. The paper money passes through an
area where the magnetic field intensity of the gradient mag-
netic field is strong.
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1
MAGNETIC SENSOR DEVICE

TECHNICAL FIELD

The present invention relates to a magnetic sensor device
that detects micro-magnetic patterns that are formed in a test
object such as paper money.

BACKGROUND ART

A magnetic sensor device is used for detecting micro-
magnetic patterns such as magnetic patterns that are formed
in paper money. There are magnetic sensor devices inside
which a magnetoresistive element is used, the resistance
value of which changes according to the intensity of an
applied magnetic field. In a magnetic pattern that is included
in a paper-like medium such as a paper money, the remnant
magnetization is weak. Therefore, in order to detect a mag-
netic pattern, it is necessary to provide a magnetoresistive
element in environments where the magnetic field is strong,
and furthermore, it is necessary to deliver the paper money
near the magnetoresistive element.

However, in a non-contact type of magnetic sensor device,
the test object and the magnetoresistive element are arranged
so as to be in noncontact with each other. Therefore, there is
aproblem in that the amount of change in the resistance value
of the magnetoresistive element is small, and thus the detec-
tion sensitivity of the magnetic pattern included in the test
object is low. Moreover, in conventional magnetic sensor
devices, there is a problem in that the detection sensitivity
may vary due to assembly error of the magnetic sensor device
or variation in the position where the test object passes.

Patent Literature 1 discloses technology for improving the
detection sensitivity of a test object. In the technology dis-
closed in Patent Literature 1, the magnetic sensor device is
composed of two magnetic sensors, with each being provided
with a high-potential-side magnetoresistive element and a
low-potential-side magnetoresistive element. The two mag-
netic sensors are such that the one high-potential-side mag-
netoresistive element faces the other low-potential-side mag-
netoresistive element, and are connected so as to output
inverted signals. The signal that is outputted from each mag-
netic sensor undergoes differential amplification by an ampli-
fier. As a result, the output signal from each magnetic sensor
is such that the in-phase noise component is removed, the
signal component is amplified and the S/N ratio is increased.

Moreover, Patent Literature 2 discloses a magnetic sensor
device in which, by pressing the test object in contact with and
moving the test object over the surface of a protective case,
variation in the location where the test object passes is
reduced. In this magnetic sensor, in order to expose the leads
of the magnetoresistive element chip, an insulator film on
which the leads are exposed is used. The exposed leads of the
insulator film are connected to the electrodes of the magne-
toresistive element chip inside a device hole where the insu-
lating layer on the magnetoresistive element chip surface has
been removed. A protective case is provided in order to pro-
tect the magnetoresistive element chip and the exposed leads.
In order to insulate the magnetoresistive element chip from
the protective case, an air gap is formed between the magne-
toresistive element chip and the protective case.

PRIOR ART LITERATURE
Patent Literature

Patent Literature 1: Unexamined Japanese Patent Applica-
tion Kokai Publication No. 2001-21631
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Patent Literature 2: Unexamined Japanese Patent Applica-
tion Kokai

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

However, the magnetic sensor device disclosed in Patent
Literature 1 requires two magnetic sensors that are arranged
s0 as to face each other by way of the test object. Moreover, in
order to improve the S/N ratio of the signal outputted from the
magnetic sensor, and improve the detection sensitivity of the
test object, it is necessary for a differential amplifier circuit to
perform differential amplification of the output signal from
each magnetic sensor. Furthermore, in Patent Literature 1, in
order to improve the detection sensitivity in examining the
test object, a bias magnet is provided for increasing the inten-
sity of the magnetic field of the conveyance path of the test
object; however, the test object passes at a position separated
further from the bias magnet than the semiconductor magne-
toresistive element. As a result, change in the intensity of the
magnetic field due to the test object being small, makes
increased output by the magnetic sensor impossible.

In Patent Literature 2, after an insulating layer has been
formed over the entire circuitry of the magnetoresistive ele-
ment chip, special processing must be performed to remove
the insulating layer from the magnetoresistive element chip in
order to connect the electrodes of the magnetoresistive ele-
ment chip to the exposed leads. Therefore, the manufacturing
process becomes complicated. In addition, by forming an air
gap, the distance between the test object that is located on the
outside of the magnetic sensor device (outside the protective
case) and the magnetoresistive element chip is increased.
Therefore, there is a problem in that the detection sensitivity
for examining the test object decreases.

Taking into consideration the problems described above,
the objective of the present invention is to provide a magnetic
sensor that detects a magnetic pattern of a test object with
good sensitivity even though the test object having the mag-
netic pattern is in noncontact with the magnetoresistive ele-
ment.

Moreover, another objective of the present invention is to
provide a non-contact type magnetic sensor device that has
high sensitivity.

Means for Solving the Problem

In order to accomplish the objectives above, the magnetic
sensor device according to a first aspect of the present inven-
tion is provided with:

a housing that includes a first slit, which is an insert open-
ing for a test object, a hollow section, which is a conveyance
path for the test object that has been inserted through the first
slit, and a second slit, which is an output opening for the test
object that was conveyed through the hollow section;

a first magnet that is provided in the hollow section and that
is arranged such that the magnetic poles alternate along the
conveyance direction of the test object;

a second magnet that is provided in the hollow sectionin a
position that faces the first magnet on an opposite side of the
conveyance path, and that by arranging the magnetic poles
along the conveyance direction such that magnetic poles that
face the magnetic poles of the first magnet differ, forms a
gradient magnetic field continuously along the conveyance
direction;

a magnetoresistive element that is provided between the
test object and the first magnet and that has an output termi-
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nal, and is such that the resistance value thereof changes by
detecting a magnetic component of the test object that passes
through the gradient magnetic field;

a multi-layered substrate that, together with outputting the
change in resistance value from the output terminal of the
magnetoresistive element to the outside from a pad, encloses
the magnetoresistive element;

an electrical connection means for electrically connecting
the pad of the multi-layered substrate and the output terminal
of the magnetoresistive element; and

resin that covers the magnetoresistive element and the elec-
trical connection means; wherein

the magnetoresistive element is provided in an area where
the magnetic field intensity is weak, which is where the mag-
netic field intensity in the gradient magnetic field is near zero;
and

the test object passes through an area where the magnetic
field intensity of the gradient magnetic field is stronger than
the area of weak magnetic field intensity.

The magnetic sensor device according to a second aspect of
the present invention is provided with:

a housing that includes a first slit, which is an insert open-
ing for a test object, a hollow section, which is a conveyance
path for the test object that has been inserted through the first
slit, and a second slit, which is an output opening for the test
object that was conveyed through the hollow section;

afirst magnet that is provided in the hollow section and that
is arranged such that the magnetic poles alternate along the
conveyance direction of the test object;

a second magnet that is provided in the hollow section in a
position that faces the first magnet on an opposite side of the
conveyance path, and that by arranging the magnetic poles
along the conveyance direction such that magnetic poles that
face the magnetic poles of the first magnet differ, forms a
gradient magnetic field between the second magnet and the
first magnet, wherein the magnetic field component in the
opposing direction to the first magnet and the magnetic field
component in the conveyance direction both include a zero
point;

a magnetoresistive element that is provided between the
test object and the first magnet and that has an output termi-
nal, and is such that the resistance value thereof changes by
detecting a magnetic component of the test object that passes
through the gradient magnetic field;

a multi-layered substrate that, together with outputting the
change in resistance value from the output terminal of the
magnetoresistive element to the outside from a pad, encloses
the magnetoresistive element;

an electrical connection means for electrically connecting
the pad of the multi-layered substrate and the output terminal
of the magnetoresistive element; and

resin that covers the magnetoresistive element and the elec-
trical connection means; wherein

the magnetoresistive element is provided in an area where
the magnetic field intensity is weak, which is where the mag-
netic field intensity in the conveyance direction of the gradi-
ent magnetic field is near zero; and

the test object passes through an area where the magnetic
field intensity of the gradient magnetic field is stronger than
the area of weak magnetic field intensity.

The magnetic sensor device according to a third aspect of
the present invention is provided with:

a housing that includes a first slit, which is an insert open-
ing for a test object, a hollow section, which is a conveyance
path for the test object that has been inserted through the first
slit, and a second slit, which is an output opening for the test
object that was conveyed through the hollow section;
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a first magnet that is provided in the hollow section and that
is arranged such that the magnetic poles alternate along the
conveyance direction of the test object;

a second magnet that is provided in the hollow sectionin a
position that faces the first magnet on an opposite side of the
conveyance path, and that by arranging the magnetic poles
along the conveyance direction such that magnetic poles that
face the magnetic poles of the first magnet differ, forms a
gradient magnetic field between the second magnet and the
first magnet, wherein the magnetic field component in the
opposing direction to the first magnet and the magnetic field
component in the conveyance direction both include a zero
point;

a magnetoresistive element that is provided between the
test object and the first magnet and that has an output termi-
nal, and is such that the resistance value thereof changes by
detecting a magnetic component of the test object that passes
through the gradient magnetic field;

a multi-layered substrate that, together with outputting the
change in resistance value from the output terminal of the
magnetoresistive element to the outside from a pad, encloses
the magnetoresistive element;

an electrical connection means for electrically connecting
the pad of the multi-layered substrate and the output terminal
of the magnetoresistive element; and

resin that covers the magnetoresistive element and the elec-
trical connection means; wherein

the magnetoresistive element is provided in an area where,
together with the intensity of the magnetic field component in
the conveyance direction of the gradient magnetic field being
near zero, the intensity of the magnetic field component in the
opposing direction of the gradient magnetic field is strong;
and

the test object passes through an area where the intensity of
the magnetic field component in the opposing direction of the
gradient magnetic field is strong.

The magnetic sensor device according to a fourth aspect of
the present invention is provided with:

a housing that includes a first slit, which is an insert open-
ing for a test object, a hollow section, which is a conveyance
path for the test object that has been inserted through the first
slit, and a second slit, which is an output opening for the test
object that was conveyed through the hollow section;

a first magnet that is provided in the hollow section and that
is arranged such that the magnetic poles alternate along the
conveyance direction of the test object;

a second magnet that is provided in the hollow sectionin a
position that faces the first magnet on an opposite side of the
conveyance path, and that by arranging the magnetic poles
along the conveyance direction such that magnetic poles that
face the magnetic poles of the first magnet differ, forms a
continuous gradient magnetic field in the conveyance direc-
tion between the second magnet and the first magnet;

a plurality of magnetoresistive elements that are provided
in an array in a direction orthogonal to the conveyance direc-
tion between the test object and the first magnet and that have
output terminals, and are such that the resistance values
thereof change by detecting a magnetic component of the test
object that passes through the gradient magnetic field;

a multi-layered substrate that, together with outputting the
changes in resistance values from the output terminals of the
plurality of magnetoresistive elements to the outside from a
plurality of pads, encloses the plurality of magnetoresistive
elements all together;

an electrical connection means for electrically connecting
the pads of the multi-layered substrate and the output termi-
nals of the magnetoresistive elements; and
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resin that covers the plurality of magnetoresistive elements
and the electrical connection means; wherein

the plurality of magnetoresistive elements are provided in
an area where the magnetic field intensity is weak, which is
where the magnetic field intensity in the gradient magnetic
field is near zero; and

the test object passes through an area where the magnetic
field intensity of the gradient magnetic field is stronger than
the area of weak magnetic field intensity.

The magnetic sensor device according to a fifth aspect of
the present invention is provided with:

a housing that includes a first slit, which is an insert open-
ing for a test object, a hollow section, which is a conveyance
path for the test object that has been inserted through the first
slit, and a second slit, which is an output opening for the test
object that was conveyed through the hollow section;

afirst magnet that is provided in the hollow section and that
is arranged such that the magnetic poles alternate along the
conveyance direction of the test object;

a second magnet that is provided in the hollow section in a
position that faces the first magnet on an opposite side of the
conveyance path, and that by arranging the magnetic poles
along the conveyance direction such that magnetic poles that
face the magnetic poles of the first magnet differ, a forms
gradient magnetic field between the second magnet and the
first magnet, wherein the magnetic field component in the
opposing direction to the first magnet and the magnetic field
component in the conveyance direction both include a zero
point;

a plurality of magnetoresistive elements that are provided
in an array in a direction orthogonal to the conveyance direc-
tion between the test object and the first magnet and that have
output terminals, and are such that the resistance values
thereof change by detecting a magnetic component of the test
object that passes through the gradient magnetic field;

a multi-layered substrate that, together with outputting the
changes in resistance values from the output terminals of the
plurality magnetoresistive elements to the outside from a
plurality of pads, encloses the plurality of magnetoresistive
elements all together;

an electrical connection means for electrically connecting
the pads of the multi-layered substrate and the output termi-
nals of the magnetoresistive elements; and

resin that covers the plurality of magnetoresistive elements
and the electrical connection means; wherein

each of the magnetoresistive elements is provided in an
area where, together with the intensity of the magnetic field
component in the conveyance direction of the gradient mag-
netic field being near zero, the intensity of the magnetic field
component in the opposing direction of the gradient magnetic
field is strong; and

the test object passes through an area where the intensity of
the magnetic field component in the opposing direction of the
gradient magnetic field is strong.

Effects of the Invention

With the present invention, a first magnet and a second
magnet are arranged such that different magnetic poles
thereof face each other. Therefore, the magnetic field inten-
sity in the conveyance direction of a test object and the mag-
netic field intensity in the opposing direction to the first mag-
net and second magnet form a gradient magnetic field that
includes a zero point. By passing a test object through an area
where the magnetic field intensity of the gradient magnetic
field is strong, a magnetic pattern of the test object is detected
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6

with good sensitivity even when a magnetoresistive element
and the test object are in noncontact with each other.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a cross-sectional drawing of a magnetic sensor
device of a first embodiment of the present invention, and is
cut along a vertical plane that is in parallel to the conveyance
direction of the test object;

FIG. 2 is a cross-sectional drawing of section II-II of the
magnetic sensor device illustrated in FIG. 1;

FIG. 3 is an enlarged view illustrating the mounted state of
an AMR element on a multi-layered substrate;

FIG. 4 is a top view illustrating the mounted state of the
AMR element when looking at the multi-layered substrate
side from the hollow section;

FIG. 5 is a schematic drawing illustrating the connected
state between the AMR element of the magnetic sensor device
of a first embodiment and the external circuitry;

FIG. 6 is a schematic drawing illustrating the magnetic
field distribution in the conveyance direction that is generated
from a first magnet and a second magnet;

FIG. 7 is a graph illustrating the change in intensity of the
magnetic field in the X-axis direction illustrated in FIG. 6 in
the direction facing the first magnet and the second magnet;

FIG. 8 is a graph illustrating the relationship between the
magnetic field that is applied to the AMR element and the rate
of change in the resistance of the AMR element;

FIG. 9 is atop view of an AMR element having a resistance
pattern with a meander shape of a first embodiment;

FIG. 10 is an enlarged view illustrating the mounted state
of'an AMR element adhered to the surface of a first magnet;

FIG. 11 is a top view illustrating the mounted state of an
AMR element of a magnetic sensor device of a second
embodiment of the present invention when looking at the side
of the multi-layered substrate from the hollow section;

FIG. 12 is a schematic view illustrating the connected state
of the AMR element and external circuitry of the magnetic
sensor device of a second embodiment;

FIG. 13 is a top view of an AMR element having a resis-
tance pattern with a meander shape of a second embodiment;

FIG. 14 is a top view illustrating the mounted state of an
AMR element of a line type magnetic sensor device of a third
embodiment of the present invention when looking at the
multi-layered substrate side from the hollow section;

FIG. 15A is a front view illustrating the construction of line
type magnetic sensor device of a fourth embodiment of the
present invention;

FIG. 15B is an enlarged drawing illustrating the construc-
tion of a line type magnetic sensor device of a fourth embodi-
ment, and illustrates the area A in FIG. 15A;

FIG. 16 is an enlarged drawing illustrating the construction
of a line type magnetic sensor device of a fifth embodiment,
and illustrates a location corresponding to the area A in FIG.
154,

FIG. 17 is an enlarged drawing illustrating the construction
of'a line type magnetic sensor device of a sixth embodiment,
and illustrates a location corresponding to the area A in FIG.
154,

FIG. 18A is a front view illustrating the construction of a
line type magnetic sensor device of a seventh embodiment of
the present invention;

FIG. 18B is an enlarged drawing illustrating the construc-
tion of a line type magnetic sensor device of a seventh
embodiment, and illustrates the area B in FIG. 18A;
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FIG. 19 is a front view illustrating the construction of a
magnetic sensor device that includes a conveyance means of
an eighth embodiment of the present invention;

FIG. 20 is a cross-sectional drawing of a magnetic sensor
device of a ninth embodiment of the present invention as seen
from the conveyance direction of a test object;

FIG. 21 is a schematic drawing illustrating the magnetic
field distribution in the conveyance direction that is generated
from a first magnet and a second magnet, and in the direction
facing the first magnet and second magnet;

FIG. 22A is a graph illustrating the change in intensity of
the magnetic field in the X-axis direction and Z-axis direction
in FI1G. 21, and illustrates the change in intensity in the oppos-
ing direction (Z-axis direction) of the magnetic field in the
conveyance direction (X-axis direction);

FIG. 22B is a graph illustrating the change in intensity of
the magnetic field in the X-axis direction and Z-axis direction
in FIG. 21, and illustrates the change in intensity in the con-
veyance direction (X-axis direction) of the magnetic field in
the opposing direction (Z-axis direction);

FIG. 23A is a vector diagram of magnetic force lines for
explaining the detection principle of the magnetic sensor
device of a ninth embodiment;

FIG. 23B is a vector diagram of magnetic force lines for
explaining the detection principle of the magnetic sensor
device of a ninth embodiment;

FIG. 23C is a vector diagram of magnetic force lines for
explaining the detection principle of the magnetic sensor
device of a ninth embodiment;

FIG. 24 is a cross-sectional drawing of a magnetic sensor
device of a tenth embodiment of a present invention as seen
from the conveyance direction of the test body (test object);

FIG. 25 is a schematic diagram illustrating the magnetic
distribution in the conveyance direction (X-axis direction)
and opposing direction (Z-axis direction) that is generated
from a first magnet yoke and a second magnet yoke in a tenth
embodiment; and

FIG. 26 is a cross-sectional drawing of a magnetic sensor
device of an eleventh embodiment of the present invention as
seen from the conveyance direction of the test body (test
object).

MODES FOR CARRYING OUT THE INVENTION

(Embodiment 1)

In the following, a magnetic sensor device 201 of a first
embodiment of the present invention is explained with refer-
ence to FIG. 1 and FIG. 2. Here, FIG. 1 is a cross-sectional
drawing of a magnetic sensor device 201 of a first embodi-
ment of the present invention, and is cut along a vertical plane
that is in parallel with the conveyance direction of the test
body (test object). FIG. 2 is a cross-sectional drawing of
section II-II of the magnetic sensor device 201 illustrated in
FIG. 1.

As illustrated in the figures, the magnetic sensor device 201
is provided with a housing 1. The housing 1 is composed of a
rectangular upper housing 1« and a rectangular lower housing
1s. The upper housing 1« and the lower housing 1s are con-
structed, for example, using a magnetic substance.

In the inside of the upper housing 1« a hollow section 2 is
formed that functions as a conveyance path for the test object
and as a magnet storage section. A first slit 3 that passes
through to the hollow section 2 and that is an insertion open-
ing for a test object is formed on one side surface (side wall)
of'the housing 1. This first slit 3 extends in the reading width
direction (direction that is orthogonal to the conveyance
direction of the test object). A second slit 4 that passes
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through to the hollow section 2 and that is an insertion open-
ing for a test object is formed on a side surface (side wall) that
faces the one side surface of the housing 1. This second slit 4
extends parallel with the first slit 3. In this embodiment, paper
money 5 that is the test body and that includes a magnetic
pattern is inserted from the first slit 3, is conveyed through the
hollow section 2 as a conveyance path and discharged from
the second slit 4.

The lower housing 1s has a container-like shape that is
open on the top surface, and supports a multi-layered sub-
strate 9 from underneath.

A first magnet 6 and a second magnet 7 are arranged in the
hollow section 2 (hollow section 2 of the upper housing 1«
and hollow section 2 of the lower housing 1s) of the housing
1 such that they are separated by a distance from the paper
money 5. The first magnet 6 and second magnet 7 are
arranged so as to face each other through the conveyance path
of the paper money 5.

The first magnet 6 and second magnet 7 are arranged along
the conveyance path of the paper money 5 so as to face
different magnetic poles. In other words, the first magnet 6
and the second magnet 7 have N poles and S poles that are
arranged along the conveyance path of the paper money 5
such that the N pole of the first magnet 6 and the S pole of the
second magnet 7 are arranged so as to face each other, and the
S pole of the first magnet 6 and the N pole of the second
magnet are arranged so as to face each other. As a result, a
continuous gradient magnetic field is formed in the convey-
ance direction between the second magnet 7 and first magnet
6.

A multi-layered substrate 9 is provided on the conveyance
path (hollow section 2) side of the first magnet 6 so as to be
separated by a distance from the paper money 5. This multi-
layered substrate 9 is formed using resin such as glass epoxy.
An anisotropic magnetoresistive element (AMR element) 10
is mounted on the multi-layered substrate 9. The AMR ele-
ment 10 is provided between the paper money 5 (conveyance
location of the paper money 5) and the first magnet 6. The
AMR element 10 is provided with a resistor on the surface of
the substrate. The AMR element 10, by detecting the mag-
netic component of paper money 5 that passes through the
gradient magnetic field, has a characteristic of a changing
resistance value. This change in the resistance value occurs
due to a change in the magnetic field that is orthogonal to the
direction of'the electric current that flows through the resistor
of the AMR element 10.

FIG. 3 is an enlarged view illustrating the mounted state of
the AMR element 10 on the multi-layered substrate 9. FIG. 4
is a top view illustrating the mounted state of the AMR ele-
ment 10 when looking at the multi-layer substrate 9 side from
the hollow section 2. As illustrated in FIG. 3 and FIG. 4, the
multi-layered substrate 9 is composed of a first substrate layer
91, a second substrate layer 92 and a third substrate layer 93.
A hole section 9a is formed in the multi-layered substrate 9.
The hole section 94 is constructed by a hole section 91a in the
first substrate layer 91 connecting with a hole section 924 in
the second substrate layer 92. The opening of the hole section
91a is a concave channel that is larger than the opening of the
hole section 92a.

The AMR element 10 is fastened with an adhesive to the
surface of the third substrate layer 93 that is exposed to the
hole section 92a. The AMR element 10 is enclosed in the
multi-layered substrate 9. Electrodes 101a to 101¢ are pro-
vided in the AMR element 10. The electrodes 1014 to 101¢
are connected by metal wire 12 to electrodes 111a to 111c.
Electrodes 111a to 111c¢ are provided on the surface of the
second substrate layer 92 that is exposed to the hole section
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91a. The electrodes 111a to 111c¢ are connected to external
pads 112a to 112¢ by way of a transmission line 11. The
external pads 1124 to 112¢ are provided on the external rear
surface of the multi-layered substrate 9. External circuitry
such as a signal processing circuit, bias voltage and the like
are connected to the external pads 112a to 112¢. The hole
section 91a in the first substrate layer 91 and the hole section
92a in the second substrate layer 92 are sealed with resin 13.
Theresin 13 is filled into the hole section 91a and hole section
92a s0 as not to go over the surface of the first substrate layer
91. The multi-layered substrate 9 outputs the change in resis-
tance from the output terminals of the AMR element 10 to the
outside from the external pads 112a to 112¢.

As illustrated in FIG. 4, a resistor pattern 1024 and a
resistor pattern 1025 are arranged adjacent to each other such
that the long sides extend in the direction that is orthogonal to
the conveyance direction (X-axis direction), or in other
words, in the reading width direction (Y-axis direction). The
resistor patterns 102a, 1025 are both rectangular shaped. The
resistor patterns 102a, 1025 are arranged parallel with each
other such that the long side of the rectangular shape extends
in the reading width direction (Y-axis direction). The resistor
patterns 102a, 1025 are such that one of the end sections of
each are connected together in series. The connecting point of
this series connection is connected to an electrode 1015,
which is the output terminal of the AMR element 10. The
other end section of the resistor pattern 102a is connected to
the electrode 101a. The other end section of the resistor
pattern 1025 is connected to the electrode 101c.

FIG. 5 is a schematic drawing illustrating the connected
state of the AMR element 10 of the magnetic sensor device
201 of this first embodiment of the present invention, and the
external circuitry. Electrode 101a is connected to the elec-
trode 111a by metal wire 12 (electrical connection means),
and is further connected to a direct-current power-supply
voltage Vce by way of the external pad 112a. The electrode
1015 is connected to the electrode 1115 by metal wire 12, and
is further connected to a processing circuit 15 for signal
processing by way of the external pad 1124. The electrode
101c¢ is connected to the electrode 111¢ by metal wire 12, and
is further connected to direct-current ground (GND) by way
of the external pad 112c¢.

FIG. 6 is a schematic drawing illustrating the magnetic
field distribution in the conveyance direction (X-axis direc-
tion) that is generated from the first magnet 6 and second
magnet 7. FIG. 7 is a graph illustrating the change in intensity
in the opposing direction (Z-axis direction) of the first magnet
6 and second magnet 7 of the magnetic intensity in the X-axis
direction illustrated in FIG. 6. From among the components
illustrated in FIG. 1, FIG. 6 illustrates the necessary compo-
nents for explaining the magnetic field distribution and omits
the others.

FIG. 6 illustrates the magnetic force lines 17 that are gen-
erated by the first magnet 6 and the second magnet 7. The
magnetic force lines 17 go from the N pole to the S pole of the
first magnet 6, and from the N pole to the S pole of the second
magnet 7. The intensity of the magnetic force lines 17 in the
opposing direction (Z-axis direction) of the first magnet 6 and
second magnet 7 becomes a maximum near the surface of the
first magnet 6 and the second magnet 7, and becomes zero at
the halfway point in the space G between the first magnet 6
and the second magnet 7.

FIG. 7 is a graph that illustrates the results of calculating
the change in intensity in the Z-axis direction of the X-axis
direction component of the magnetic intensity in the space G
between the first magnet 6 and the second magnet 7. In the
graph in FIG. 7, the horizontal axis expresses the distance Z
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from the first magnet 6. The vertical axis expresses the mag-
netic field intensity Bx of the X-axis component of the mag-
netic field above. Calculation of the change in intensity is
performed under the conditions of the length A in the con-
veyance direction of the first magnet 6 and second magnet 7
being 10 mm, the thickness B of the first magnet 6 and the
second magnet 7 being 5 mm, the space G being 5 mm, and
the material of the first magnet 6 and the second magnet 7
being a neodymium sintered magnet.

As illustrated in the FIG. 7, in the space G, at the halfway
point (Z=2.5 mm=G/2), the magnetic intensity Bx of the
X-axis direction component is zero and a gradient magnetic
field occurs. The AMR element 10 is provided in an area
where the magnetic field intensity is weak, which is near zero
of the magnetic field intensity Bx of the gradient magnetic
field.

FIG. 8 is a graph illustrating the relationship between the
magnetic field that is applied to the AMR element 10 and the
rate of change in the resistance of the AMR element 10. For
example, as illustrated in FIG. 7, in conditions where the
magnetic field intensity Bx near the Z=2.55 mm is 5 mT, as
illustrated in FIG. 8, when an AMR element 10 is used such
that the saturated magnetic field is 5 mT, the AMR element 10
is provided in the area of weak magnetic field intensity that is
separated by about Z=2.5 to 2.55 mm from the first magnet 6.
As a result, a suitable bias magnetic field whose output does
not saturate is applied to the AMR element 10. Most prefer-
ably, the AMR element 10 is located in a position that is
separated by Z=2.52 mm from the first magnet 6. By doing so,
a bias magnetic field having a magnetic field intensity Bx=2.5
mT is applied to the AMR element 10. Therefore, the sensi-
tivity slope of the AMR element 10 becomes a maximum, and
the output of the AMR element 10 becomes a maximum.

Moreover, in this first embodiment, the position where the
paper money 5 passes is set so that a larger magnetic field is
applied to the paper money 5 than the AMR element 10. The
reason for this, and the position where the paper money 5
passes will be explained in detail below.

When the paper money 5 is conveyed in the X-axis direc-
tion with a bias magnetic field applied to the AMR element
10, first, by the magnetic pattern of the paper money 5 being
suspended above the resistor pattern 102a, the magnetic field
Bx near the resistor pattern 102a changes. On the other hand,
the magnetic field Bx near the resistor pattern 1025 does not
change. Therefore, only the resistance value of the resistor
pattern 1024 changes, and the electric potential of the elec-
trode 1015 changes.

After that, the paper money 5 is further conveyed in the
X-axis direction, and when the magnetic pattern of the paper
money 5 is above both of the resistor patterns 102a, 1025, the
resistance values of the resistor patterns 102a, 10256 both
change. Therefore, the electric potential of the electrode 1015
becomes the same as the electric potential when the paper
money 5 is not inside the hollow section 2.

The paper money 5 is further conveyed, and when the
magnetic pattern of the paper money 5 is above just the
resistor pattern 1025, only the resistance value of the resistor
pattern 1025 changes. Therefore, the electric potential of the
electrode 1015 changes in the opposite direction as described
above. As aresult, the AMR element 10 detects the edge of the
magnetic pattern of the paper money.

The change in the magnetic field when the paper money 5
is above the resistor patterns 1024, 1025 is proportional to the
magnetic field around the paper money 5 (magnetic field
applied to the paper money 5), and this change in magnetic
field is detected by the AMR element 10. From this, in order
to be able to increase the output of the AMR element 10, it is
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necessary to apply a larger magnetic field to the paper money
5 than to the AMR element 10. Therefore, in this first embodi-
ment, the position where the paper money 5 passes is set in an
area where the magnetic field intensity is greater than the area
of'the weak magnetic field intensity where the AMR element
10 is provided.

When the position where the paper money 5 passes is near
7=3 mm, as illustrated in FIG. 7, the magnetic field that is
applied to the paper money 5 is approximately 77 mT. When
the distance between the paper money 5 and the AMR ele-
ment 10 is further increased and the position where the paper
money 5 passes is near Z=4 mm, as illustrated in FIG. 7, the
magnetic field that is applied to the paper money 5 is approxi-
mately 240 mT. In other words, when the AMR element 10
and the paper money 5 are separated, and the position where
the paper money 5 passes is changed from Z=3 mm to 7=4
mm, a magnetic field that is nearly three times greater is
applied to the paper money 5, so even though the AMR
element 10 and the paper money 5 are in noncontact with each
other, the magnetic pattern of the paper money 5 is detected
with good precision.

Moreover, when the position where the paper money 5
passes is set near Z=4 mm with the AMR element 10 provided
at a position of Z=2.5 to 2.55, the space between the AMR
element 10 and the paper money 5 is about 1.5 mm. There-
fore, there is no contact between the AMR element 10 and the
paper money 5. As aresult, the AMR element 10 is protected.

When the position where the paper money 5 passes is set
near Z=4 mm and the AMR element 10 is provided at a
position of Z=2.5 to 2.55, the magnetic detection device 201
is manufactured as described below.

The thickness of the AMR element 10 is typically about 0.5
mm, and in order to position the resistor patterns 102qa, 1026
at a point Z=2.52 mm, the thickness of the third substrate
layer 93 is set to 2.02 mm.

The thickness of the second substrate layer 92 is set to 0.5
mm, which is the same as the thickness of the AMR element
10. By doing so, it is possible to keep the loop height of the
metal wire 12 that connects the electrodes 111a to 111c of the
second substrate layer 92 and the electrodes 101a to 101¢ of
the AMR element 10 at a minimum.

The thickness of the first substrate layer 91 is set at 0.33
mm, which is about the same as the loop height of the metal
wire 12. By filling epoxy type resin 13 having a low viscosity
into the hole section 91a of the first substrate layer 91 and the
hole section 92a of the second substrate layer 92 so that the
resin 13 does not protrude from the surface of the first sub-
strate layer 91, this resin 13 protects the AMR element 10 and
the metal wire 12. Moreover, there are no protrusions to
obstruct the conveyance of the paper money 5, and the space
between the surface of the multi-layered substrate 9 and the
paper money 5 is stably maintained at about 1.2 mm.

With this first embodiment, by passing the paper money 5
through an area where the gradient magnetic field has weak
magnetic field intensity, the magnetic pattern of the paper
money 5 can be detected with good sensitivity even when the
AMR element 10 and the paper money 5 are in noncontact
with each other.

Moreover, by mounting the AMR element 10 in the con-
cave shaped hole section 94 of the multi-layered substrate 9,
and filling the hole section 9a with resin 13, the AMR element
10 is protected. By filling the resin 13 so as not to protrude
from the surface of the first substrate layer 91, a conveyance
path for the paper money 5 that has no protruding sections is
obtained.

In this first embodiment, the resistor patterns 102a, 10256 of
the AMR element 10 are rectangular shaped; however, as
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illustrated in FIG. 9, they can also be a meandering shape such
that the long side extends in the reading width direction
(Y-axis direction). By doing so, the resistance values of the
resistor patterns 102a, 1025 can be increased when compared
with the rectangular shaped resister patterns 102a, 1025.
Therefore, the detection sensitivity for detecting change in
the magnetic field of the AMR element 10 is improved, and
the detection sensitivity of the magnetic sensor device 201 is
increased.

Moreover, in this first embodiment, the AMR element 10
was adhered to the surface of the third substrate layer 93 of the
multi-layered substrate 9; however, in the case of a rate of
change in resistance or a saturated magnetic field intensity of
the AMR element 10 that is different than in the first embodi-
ment, and when the AMR element is close to the first magnet
6, then as illustrated in FIG. 10, the hole section 9a of the
multi-layered substrate 9 can have through hole construction
(construction wherein the surface of the first magnet 6 is
exposed), and the AMR element 10 can be adhered to the
surface of the conveyance path (hollow section 2) side of the
first magnet 6.

Furthermore, in this first embodiment, an AMR element 10
was used as the magnetoresistive element; however, it is also
possible to use a giant magnetoresistive effect (GMR) ele-
ment, or a tunnel magnetoresistive effect (IMR) element
instead.

(Embodiment 2)

FIG. 11 is a top view illustrating the mounted state of an
AMR element 10 when looking at the multi-layer substrate 9
side from the hollow section of the magnetic sensor device
202 of a second embodiment of the present invention. FIG. 12
is a schematic drawing illustrating the connected state
between the AMR element 10 and external circuitry of the
magnetic sensor device of a second embodiment of the
present invention. In FIG. 11 and FIG. 12, the same reference
numbers are given to component elements that are the same as
those in FIG. 4, and explanations thereof are omitted. In FIG.
11, the resistor pattern 102a of the AMR element 10 is
arranged such that the long side of rectangular pattern is in a
direction orthogonal to the conveyance direction (X-axis
direction), or in other words, is arranged so as to extend in the
reading width direction (Y-axis direction). The resistor pat-
tern 102c¢ is arranged such that the long side of the rectangular
shaped pattern extends in the conveyance direction (X-axis
direction). The resistor pattern 102a and the resistor pattern
102¢ are such that end sections thereof are connected in series
with each other. The connecting point of this series connec-
tion is connected with the electrode 1015 of the AMR element
10. Moreover, the other electrode of the resistor pattern 102a
is connected to the electrode 101a. The other end section of
the resistor pattern 1025 is connected to the electrode 101c.

In the magnetic sensor device 202, the electrode 1014 is
connected to the electrode 111a by metal wire 12, and is
further connected to a direct-current power-supply voltage
Vee by way of an external pad 1124a. The electrode 1015 is
connected to the electrode 1115 by metal wire 12, and is
further connected to a signal processing circuit 15 by way of
an external pad 1125. The electrode 101¢ is connected to the
electrode 111¢ by metal wire 12, and is further connected to
direct-current ground (GND) by way of an external pad 112c.

In this second embodiment, as in the first embodiment, by
applying a bias magnetic field in the X-axis direction, a bias
magnetic field is applied to the resistor pattern 102a. How-
ever, the bias magnetic field is not in the magnetic sensitivity
direction, so the magnetic field is not applied to the resistor
pattern 102¢. In this state, paper money 5 is conveyed in the
magnetic sensitivity direction, and when the magnetic pattern
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of the paper money 5 is above the resistor pattern 102a, the
magnetic field near the resistor pattern 102a changes. As a
result, the resistance value of the resistor pattern 102a
changes. On the other hand, as described above, even when
the magnetic field near the resistor pattern 102¢ changes, that
change is not sensed by the resistor pattern 102¢, so that the
resistance value of the resistor pattern 102¢ is always con-
stant. The electric potential of the electrode 1015 in this state
changes when the magnetic pattern of the paper money 5 is
above the AMR element 10, and does not change when the
magnetic pattern of the paper money 5 is not above the AMR
element 10. As a result, the AMR element 10 detects the
existence of the magnetic pattern of the paper money 5 itself
and not the edge of the magnetic pattern of the paper money
5.

Inthis second embodiment, by having the AMR element 10
detect the existence of the magnetic pattern of the paper
money 5, it is possible to stably detect the magnetic pattern of
the paper money without depending on the edge shape of the
magnetic pattern of the paper money 5 and without being
influenced by the effect of electromagnetic noise and the like.
Moreover, it is possible to reduce the effect of exogenous
noise, and stably obtain a detection signal for the magnetic
pattern of the paper money 5.

As illustrated in FIG. 13, it is also possible to form the
resistor pattern 102q into a meandering shape in which the
long side extends in the reading width direction (Y-axis direc-
tion), and to form the resistor pattern 102¢ into a meandering
shape in which the long side extends in the conveyance direc-
tion (X-axis direction). By doing so, it is possible to increase
the resistance value of the resistor patterns 102a, 102¢ when
compared with rectangular shaped resistor patterns 102a,
102¢. Therefore, the detection sensitivity of the magnetic
field of the AMR element 10 improves, and the detection
sensitivity of the magnetic sensor device increases.
(Embodiment 3)

FIG. 14 is a top view that illustrates the mounted state of an
AMR element 10 when looking at the multi-level substrate 9
side from the hollow section 2 of a line type magnetic sensor
device 203 of a third embodiment of the present invention. In
FIG. 14, the same reference numbers are used for component
elements that are the same as in FIG. 11, and explanations
thereof are omitted. In the line type magnetic sensor device
203 AMR elements 120 are mounted in a hole section 9a of a
multi-layered substrate 9 in an array in a direction that is
orthogonal to the conveyance direction (X-axis direction), or
in other words, the reading width direction (Y-axis direction).
The line type magnetic sensor device 203 performs operation
similar to the magnetic sensor device 202 of the second
embodiment. In the example in FIG. 14, the resistor patters
102a, 1025 of the second embodiment illustrated in FIG. 11
are used as the resistor patterns of the AMR elements 10;
however, it is also possible to use the resistor patterns 102a,
10254 illustrated in FIG. 13, or the resistor patterns 1024, 1025
of the first embodiment illustrated in FIG. 4 and FIG. 9.

In the third embodiment as described above, by arranging
a plurality of AMR elements 10 in an array in the reading
width direction, the detection width of the AMR elements 10
is expanded.

In the example in FIG. 14, all of the AMR elements 10 are
stored in one hole section 9a; however, it is also possible to
arrange a plurality of AMR elements 10 and multi-layered
substrates 9 in an array in a direction (Y-axis direction)
orthogonal to the conveyance direction (X-axis direction),
and to store one AMR element 10 in the hole section 9a of one
multi-layered substrate 9. In this case, each multi-layered
substrate 9 outputs the change in resistance value from the
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electrode 1015, which is the output terminal of the AMR
element 10, to the outside from the external pads 112a to
112¢. Even in this case, the detection width of the AMR
elements 10 is expanded.

(Embodiment 4)

FIG. 15A is a front view illustrating the construction of a
line type magnetic sensor device 204 of a fourth embodiment
of the present invention. FIG. 15B is an expanded diagram
illustrating the construction of a line type magnetic sensor
device 204 of a fourth embodiment of the present invention,
and illustrates the area A in FIG. 15A. In FIG. 15A and FIG.
15B, the same reference numbers are used for component
elements that are the same as those in FIG. 1, and explana-
tions thereof are omitted. In the line type magnetic sensor
device 204, a plurality of AMR elements 10 are mounted
adjacent to each other in an array on the surface on hollow
section side 2 of a metal carrier 191. The metal carrier 191 is
formed using a non-magnetic metal such as aluminum having
a small thermal resistance. Each AMR element 10 is adhered
to the surface of the metal carrier 191 by an adhesive. A
substrate 192 is adhered to the surface on the hollow section
2 side of the metal carrier 191 around the array of AMR
elements 10. The substrate 192 is formed of resin such as
glass epoxy. The surface of the AMR element 10 is sealed in
anon-conductive resin 13 such as epoxy. The resin 13 coating
is such that the resin does not go over the surface of the
substrate 192. A first magnet 6 is provided on the other surface
of the metal carrier 191.

A housing 1 is composed of a first housing 1a in which a
first magnet 6 is placed, and a second housing 16 in which a
second magnet 7 is placed. The first housing 1a and second
housing 156 have construction so as to be able to be placed
together with the hollow section 2 as a boundary. The metal
carrier 191 is fastened to the first housing 1a. The first housing
1a and second housing 15 are positioned using fitting pins 18.

In the fourth embodiment as described above, the AMR
elements 10 are mounted on the surface of a metal carrier 191
having small thermal resistance, so the heat of the AMR
elements 10 is released as exhaust heat to the metal carrier
191 with good efficiency. Therefore, it is possible to keep the
temperature of the AMR elements 10 from rising.
(Embodiment 5)

FIG. 16 is an enlarged view illustrating the construction of
a line type magnetic sensor device of a fifth embodiment of
the present invention, and illustrates a location that corre-
sponds to area A in FIG. 15A. In FIG. 16, the same reference
numbers are given to component elements that are the same as
those in FIG. 15A and FIG. 15B, and explanations thereof are
omitted. In the line type magnetic sensor device of this fifth
embodiment, the entire surface and AMR elements 10 on the
hollow section 2 side of the substrate 192 are sealed using
resin 13. The entire surface of the hollow section 2 side of the
resin 13 is covered with an electric shield plate 31. The
electric shield plate 31 is formed using a non-magnetic metal
such as aluminum.

In the fifth embodiment as described above, an electric
shield plate 31 is placed between the hollow section 2, which
is the conveyance path of the paper money 5, and the AMR
elements 10, so that the AMR elements 10 are protected from
static noise due to charge on the paper money 5, or from
electrical noise due to devices located around the magnetic
sensor device.

(Embodiment 6)

FIG. 17 is an enlarged view that illustrates the construction
of a line type magnetic sensor device of a sixth embodiment
of the present invention, and illustrates the location that cor-
responds to the area A in FIG. 15A. In FIG. 17, the same



US 9,234,947 B2

15

reference numbers are given to component elements that are
the same as those in FIGS. 15A, 15B, and explanations
thereof are omitted. In the line type magnetic sensor device of
this sixth embodiment, as in the fifth embodiment, the entire
surface of the hollow section 2 side of the substrate 192 and
the AMR elements 10 are sealed using resin 13. The entire
surface on the hollow section 2 side of the resin 13 is covered
by a maintenance plate 32. The maintenance plate 32 is
formed using resin or a non-magnetic metal. The mainte-
nance plate 32 is such that both ends in the array direction of
the AMR elements 10 are fastened to the metal carrier 191 or
the first housing 1a. This fastening is performed using screws
or the like, and the maintenance plate 32 is such that it can be
attached to or removed from the metal carrier 191 or the first
housing 1a.

With the construction described above, magnetic foreign
matter that gets into the hollow section 2 is attracted to the first
magnet 6 side and adheres to the surface of the maintenance
plate 32. When foreign matter has adhered to the surface of
the maintenance plate 32, the first housing 1a and second
housing 15 are separated, after which the screws used to
fasten the maintenance plate 32 are removed. The mainte-
nance plate 32 is then cleaned or replaced to remove the
foreign matter from inside the hollow section 2.

In this sixth embodiment, by using a maintenance plate 32,
it is possible to remove all together any foreign matter thathas
gotten inside the hollow section 2. Therefore, cleaning the
hollow section 2 is easy.

By providing a maintenance plate 32 on the surface of the
hollow section 2 side of the second housing 15, it is possible
to obtain the effect described above even more. Moreover,
when forming the maintenance plate 32 using a non-magnetic
metal such as aluminum, the effect of embodiment 5 is also
obtained.

(Embodiment 7)

FIG. 18A is a front view illustrating construction of a line
type magnetic sensor device 207 of a seventh embodiment of
the present invention. FIG. 18B is an enlarged view illustrat-
ing the construction of a line type magnetic sensor device 207,
and illustrates area B in FIG. 18 A. In FIG. 18A and F1G. 18B,
the same reference numbers are given to component elements
that are the same as in FIG. 15A and FIG. 15B, and explana-
tions thereof are omitted. In the line type magnetic sensor
device 207 of this seventh embodiment, a first housing 1a is
composed of a support block 14 that supports a first magnet 6,
and a fitting block 1c¢ that supports the support block 14 and
fits with a second housing 1. The support block 14 is fas-
tened to the fitting block 1¢ by way of an adjuster 41 so as to
be able to move in the up-down direction.

In this seventh embodiment, by the moving the support
block 1d in the up-down direction, it is possible to adjust the
space between the first magnet 6 and the second magnet 7.
Therefore, it is possible to adjust dispersion of the magnetic
field due to assembly tolerances, and it is possible to adjust
the space between the first magnet 6 and the second magnet 7
so that optimal output is obtained from the AMR elements 10.
(Embodiment 8)

FIG. 19 is a front view illustrating the construction of a
magnetic sensor device 208, including a conveyance means,
of'an eighth embodiment of the present invention. In FIG. 19,
the same reference numbers are given to component elements
that are the same as in FIG. 1 and FIGS. 15A, 15B, and
explanations thereof are omitted. In this magnetic sensor
device 208, a tapered section 3a is formed in a first slit 3 so
that the width in the up-down direction of the first slit 3
increases in the direction toward the outside. Conveyance
rollers 61 as a conveyance method are composed of an upper
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and lower roller, and convey the paper money 5 at high speed
to the first slit 3. The conveyance rollers 61 feed the paper
money 5 so that the paper money 5 passes near the center in
the up-down direction of the hollow section 2.

In embodiment 8, a tapered section 3a is formed in the first
slit 3, so that the paper money 5 is smoothly conveyed from
the first slit 3 to the hollow section 2.

Preferably, a magnetizing function is provided in the con-
veyance rollers 61. In this case, magnetized paper money 5 is
conveyed to the magnetic sensor device 208, so that the detec-
tion sensitivity of the AMR element 10 is improved.
(Embodiment 9)

FIG. 20 is a cross-sectional drawing as seen from the con-
veyance direction of the test body (test object) of a magnetic
sensor device 209 of a ninth embodiment of the present inven-
tion. In FIG. 20, the same reference numbers are given to
component elements that are the same as those in FIG. 1, and
explanations thereof are omitted. In this ninth embodiment,
the AMR element 10 is located at a position shifted in the
conveyance direction (X-axis direction) from the position
illustrated in FIG. 1 (position on the boundary line between
the N pole and S pole).

FIG. 21 is a schematic drawing illustrating the magnetic
field distribution in the conveyance direction (X-axis direc-
tion) of the paper money 5 that is generated from the first
magnet 6 and second magnet 7 of the ninth embodiment, and
in the opposing direction (Z-axis direction) of the first magnet
6 and second magnet 7. FIG. 22A and FIG. 22B are graphs
that illustrate the change in intensity of the magnetic field in
the X-axis direction and Z-axis direction in F1G. 21. FIG. 22A
is a graph illustrating the change in intensity in the opposing
direction (Z-axis direction) of the magnetic field in the con-
veyance direction (X-axis direction), and FIG. 22B is a graph
illustrating the change in intensity in the conveyance direc-
tion (X-axis direction) of the magnetic field in the opposing
direction (Z-axis direction). FIG. 23A, FIG. 23B and FIG.
23C are vector diagrams of magnetic force lines for explain-
ing the detection theory of the magnetic sensor device 209 of
the ninth embodiment, and is an expanded view of area C in
FIG. 21. FIG. 21 and FIGS. 23A to 23C illustrate the com-
ponent elements from among the component elements illus-
trated in FIG. 20 necessary for explaining the magnetic dis-
tribution, and omit the others.

Inthis ninth embodiment, by locating the first magnet 6 and
second magnet 7 on the conveyance path of the paper money
5 s0 as to oppose a different magnetic pole, as illustrated in
FIG. 22A and FIG. 22B, in the hollow section 2, a gradient
magnetic field that includes a zero point is formed for both the
magnetic field component in the direction (Z-axis direction)
opposing the first magnet 6 and second magnet 7 and the
magnetic field component in the conveyance direction
(X-axis direction).

The AMR element 10 is provided in an area with weak
magnetic field intensity, which is where the magnetic field
intensity of the gradient magnetic field in the conveyance
direction (X-axis direction) is near zero. The paper money 5
passes through an area having a strong magnetic field inten-
sity of a gradient magnetic field having a magnetic field
intensity that is stronger than the area having the weak mag-
netic field intensity. More specifically, the AMR element 10 is
provided in an area where, together with the magnetic field
component in the conveyance direction (X-axis direction) of
the gradient magnetic field being near zero, the magnetic field
component of the gradient magnetic field in the opposing
direction (Z-axis direction) of the first magnet 6 and second
magnet 7 has strong magnetic field intensity. The paper
money 5 passes through the area where the magnetic field
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component in the opposing direction of the gradient magnetic
field has strong magnetic field intensity. The magnetic field
intensity of the area with a strong magnetic field intensity is
not less than 100 mT and not greater than 400 mT, for
example.

In the magnetic sensor device 209 having the construction
described above, as illustrated in FIG. 21, the magnetic force
lines 17 in the area where the AMR element 10 is located face
from the N pole of the first magnet 6 toward the S pole of the
second magnet 7. As illustrated in FIG. 23A, the magnetic
force lines 17 are inclined just a little from the opposing
direction (Z-axis direction) toward the conveyance direction
(X-axis direction), so that the X component acts as a bias
magnetic field of the AMR element 10.

When the paper money 5 approaches near the AMR ele-
ment 10, as illustrated in FIG. 23B, by the magnetic force
lines 17 sloping toward the paper money 5 side, the magnetic
field in the conveyance direction (X-axis direction) decreases.
On the other hand, when the paper money 5 moves away from
the AMR element 10, as illustrated in FIG. 23C, by the mag-
netic force lines 17 sloping toward the paper money 5 side, the
magnetic field in the conveyance direction (X-axis direction)
increases. By the component in the X-axis direction of the
magnetic field changing in this way, the resistance value of
the AMR element 10 changes according to the position of the
paper money 5, and so the paper money 5 can be detected by
this change.

With the ninth embodiment, the magnetic field that is
applied to the AMR element 10 is such that the direction
(Z-axis direction) facing the first magnet 6 and second magnet
7 is the main component, and the intensity in the conveyance
direction (X-axis direction) of the magnetic field that is
applied to the AMR element 10 does not change greatly dueto
the position in the opposing direction (Z-axis direction) of the
AMR element 10. Therefore, the assembly precision is
improved.

Moreover, by the main component of the magnetic field
becoming the component in the opposing direction that AMR
element 10 senses, it is possible to apply a large magnetic field
in the opposing direction without having to take into consid-
eration the saturation of the AMR element 10. Therefore, it is
possible for a large magnetic field to be applied to the paper
money 5 and to obtain stable output from the AMR element
10.

The magnetic sensor device 209 of this ninth embodiment
can be used to form a line type magnetic sensor device in
which AMR elements 10 are mounted in an array. In that case,
each AMR element 10 is provided in an area where, together
with the magnetic field component in the conveyance direc-
tion of the gradient magnetic field having an intensity near
zero, the magnetic field component in the opposing direction
of'the gradient magnetic field has strong magnetic field inten-
sity.

(Embodiment 10)

FIG. 24 is a cross-sectional drawing of a magnetic sensor
device 210 of a tenth embodiment of the present invention as
seen from the conveyance direction of a test body (test
object). In FIG. 24 the same reference numbers are given to
component elements that are the same as in FIG. 1, and
explanations thereof are omitted. The magnetic sensor device
210 of the tenth embodiment, is such that in the construction
of the first embodiment illustrated in FIG. 1, a first yoke 81
that is composed of a pair of magnetic bodies is newly pro-
vided on both side surfaces in the conveyance direction of the
first magnet 6, and a second yoke 82 that is composed of a pair
of' magnetic bodies is newly provided on both side surfaces in
the conveyance direction of the second magnet 7.
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FIG. 25 is a schematic drawing illustrating the magnetic
field distributions in the conveyance direction (X-axis direc-
tion) and opposing direction (Z-axis direction) that are gen-
erated by the first magnet yoke 81 and the second magnet
yoke 82 of this tenth embodiment. In FIG. 25 component
elements from among the component elements illustrated in
FIG. 24 that are necessary for explaining the magnetic field
distributions are given, and the others are omitted.

Each magnetic body of the first magnet yoke 81 is a plate-
shaped soft magnetic body having a specified thickness P
(magnetic thickness B>P). The magnetic bodies of the first
magnetic yoke 81 are such that the end sections on the top side
in the opposing direction (Z-axis direction) have a fixed
amount of overshoot from the end sections on the top side of
the first magnet 6, and are installed on both sides of the first
magnet 6. The magnetic bodies of the first magnetic yoke 81
may be installed on both sides of the first magnet 6 so that the
first magnet 6 and the end sections on the top side in the
opposing direction (Z-axis direction) are uniform.

Each magnetic body of the second magnet yoke 82 is a
plate-shaped soft magnetic body having a specified thickness.
The magnetic bodies of the second magnetic yoke 82 are such
that the end sections on the bottom side in the opposing
direction (Z-axis direction) have a fixed amount of overshoot
from the end sections on the bottom side of the second magnet
7, and are installed on both sides of the second magnet 7. The
magnetic bodies of the second magnetic yoke 82 may be
installed on both sides of the second magnet 7 so that the
second magnet 7 and the end sections on the bottom side in
the opposing direction (Z-axis direction) are uniform.

Attachment of the first magnet yoke 81 to the first magnet
6, and attachment of the second magnet yoke 82 to the second
magnet 7 is performed by a method such as adhesion, inte-
grated molding, attraction by magnetic force or the like.

With this tenth embodiment, as illustrated in FIG. 25, the
magnetic force lines 17 from the side surfaces of the first
magnet 6 and second magnet 7 are concentrated in the yoke
thickness P. Furthermore, there are magnetic force lines 19
from the yoke ends on the N pole sides of the first magnet 6 or
second magnet 7. The magnetic force lines 19 trace a loop
toward the yoke ends of the opposing S poles. Due to this
phenomenon, when compared with the case when only the
first magnet 6 and second magnet 7 are made to face each
other (when there is no first magnet yoke 81 and second
magnet yoke 82), it is possible to apply a large magnetic field
to the paper money 5. As a result, stable output from the AMR
element 10 is obtained.

Moreover, by installing the first magnet yoke 81 and the
second magnet yoke 82 on both side surfaces of the first
magnet 6 and second magnet 7, respectively, it is possible to
make the magnetic force in the reading width direction
(Y-axis direction) uniform. The magnetic sensor device 210
of this tenth embodiment can be formed into a line type
magnetic sensor device in which AMR elements 10 are
mounted in an array. As a result, it is possible to suppress
fluctuation in the output between lines of AMR elements 10.
Therefore, it is possible to improve yield and reduce manu-
facturing cost.

(Embodiment 11)

FIG. 26 is a cross-sectional drawing of a magnetic sensor
device 211 of an eleventh embodiment of the present inven-
tion as seen from the conveyance direction of the test body
(test object). In FIG. 26, the same reference numbers are
given to component elements that are the same as those in
FIG. 20, and explanations thereof are omitted. In this eleventh
embodiment, a first yoke 81 that is composed of a pair of
magnetic bodies is newly provided on both side surfaces in
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the conveyance direction of the first magnet 6 of the construc-
tion of the ninth embodiment illustrated in FIG. 20, and a
second yoke 82 that is composed of a pair of magnetic bodies
is newly provided on both side surfaces in the conveyance
direction of the second magnet 7.

With this eleventh embodiment, as in the tenth embodi-
ment, it is possible to obtain stable output of the AMR ele-
ment 10. Moreover, the magnetic sensor device 211 of this
eleventh embodiment as well can be formed into a line type
magnetic sensor in which AMR elements 10 are mounted in
an array. In doing so, an effect of suppressing fluctuation in
the output between lines is obtained.

All points of the disclosed embodiments are examples and
should notbe considered as being restrictive. The range of the
present invention is not according to the explanation above,
but is as disclosed in the claims, and it is intended that all
changes that are within an equivalent meaning as that of the
claims of the invention be included.

This application is based on Japanese Patent Application
No. 2010-172367 filed on Jul. 30, 2010, Japanese Patent
Application No. 2010-256025 filed on Nov. 16, 2010, and
Japanese Patent Application No. 2011-109627 filed on May
5,2011. The entire disclosures of Japanese Patent Application
No. 2010-172367, Japanese Patent Application No. 2010-
256025 and Japanese Patent Application No. 2011-109627
are incorporated herein by reference.

DESCRIPTION OF REFERENCE NUMERALS

1 Housing

1a First housing

15 Second housing

1c Fitting block

1d Support block

1u Upper housing

1s Lower housing

2 Hollow section

3 First slit

3a Tapered section

4 Second slit

5 Paper money (test object)

6 First magnet

7 Second magnet

9 Multi-layered substrate

9a Hole section in the multi-layered substrate
10 AMR element (Anisotropic MagnetoResistive element)
11 Conveyance path

12 Metal wire (method of electrical connection)
13 Resin

15 Processing circuit

17, 19 Magnetic force lines

18 Fitting pin

31 Electric shield plate

32 Maintenance plate

41 Adjuster

61 Conveyance roller

81 First magnet yoke

82 Second magnet yoke

91 First substrate layer

91a Hole section in the first substrate layer
92 Second substrate layer

92a Hole section in the second substrate layer
93 Third substrate layer

101a, 1015, 101c AMR element electrode
102a, 1025, 102¢ Resistor pattern

1115, 1115, 111¢ Conveyance path electrode
112a, 1125, 112¢ Conveyance path external pad
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191 Metal carrier

192 Substrate

201, 202, 208, 209, 210, 211 Magnetic sensor device
203, 204, 207 Line type magnetic sensor device

The invention claimed is:

1. A magnetic sensor device, comprising:

a housing that includes a first slit, which is an insert open-
ing for a test object, a hollow section, which is a con-
veyance path for the test object that has been inserted
through the first slit, and a second slit, which is an output
opening for the test object that was conveyed through the
hollow section;

a first magnet that is provided in the hollow section and that
is arranged such that magnetic poles thereof alternate
along a conveyance direction of the test object;

a second magnet that is provided in the hollow sectionin a
position that faces the first magnet on an opposite side of
the conveyance path, and having magnetic poles
arranged along the conveyance direction in an opposite
polarity to the magnetic poles of the first magnet, the first
and second magnets forming a continuous gradient mag-
netic field along the conveyance direction;

a magnetoresistive element provided between the test
object and the first magnet and that has an output termi-
nal, the magnetoresistive element being configured to
change a resistance value thereof based on a magnetic
component of the test object that passes through the
gradient magnetic field;

a substrate that encloses the magnetoresistive element and
outputs the change in resistance value from the output
terminal of the magnetoresistive element; and

an electrical connector that electrically connects a pad of
the substrate and the output terminal of the magnetore-
sistive element;

wherein

the magnetoresistive element is provided in an area where
the magnetic field intensity is weak, which is where the
magnetic field intensity in the gradient magnetic field is
near zero; and

the test object passes through an area where the magnetic
field intensity of the gradient magnetic field is stronger
than the area where the magnetic field intensity is weak.

2. The magnetic sensor device according to claim 1, further

comprising resin that covers the magnetoresistive element
and electrical connector so as not protrude from a surface of
the substrate.

3. The magnetic sensor device according to claim 1,

wherein

the magnetoresistive element is such that a first rectangu-
lar-shaped resistor pattern and a second rectangular-
shaped resistor pattern each having one side located in a
direction parallel to the conveyance direction are con-
nected in series, and

a connection point between the first rectangular-shaped
resistor pattern and the second rectangular-shaped resis-
tor pattern that are connected in series is connected to the
output terminal.

4. The magnetic sensor device according to claim 3,

wherein

the first resistor pattern is arranged such that a long side of
the rectangular shape extends in a direction that is
orthogonal to conveyance direction, and

the second resistor pattern is arranged such that a long side
of the rectangular shape extends in the conveyance
direction.
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5. The magnetic sensor device according to claim 3,

wherein

the firstresistor pattern and the second resistor pattern both
have a meandering shape.

6. The magnetic sensor device according to claim 1,

wherein

a plurality of magnetoresistive elements and substrates are
arranged in an array in a direction that is orthogonal to
the conveyance direction; and

each substrate outputs a change in resistance value from an
output terminal of a respective magnetoresistive ele-
ment.

7. The magnetic sensor device according to claim 1,

wherein

a first yoke that includes a pair of magnetic bodies is
provided on both side surfaces in the conveyance direc-
tion of the first magnet; and

a second yoke that includes a pair of magnetic bodies is
provided on both side surfaces in the conveyance direc-
tion of the second magnet.

8. A magnetic sensor device, comprising:

a housing that includes a first slit, which is an insert open-
ing for a test object, a hollow section, which is a con-
veyance path for the test object that has been inserted
through the first slit, and a second slit, which is an output
opening for the test object that was conveyed through the
hollow section;

afirst magnet that is provided in the hollow section and that
is arranged such that magnetic poles thereof alternate
along a conveyance direction of the test object;

a second magnet that is provided in the hollow section in a
position that faces the first magnet on an opposite side of
the conveyance path, and having magnetic poles
arranged along the conveyance direction in an opposite
polarity to the magnetic poles of the first magnet, the first
and second magnets forming a gradient magnetic field,
wherein the magnetic field component in the opposing
direction to the first magnet and the magnetic field com-
ponent in the conveyance direction both include a zero
point;

a magnetoresistive element provided between the test
object and the first magnet and that has an output termi-
nal, the magnetoresistive element being configured to
change a resistance value thereof based on a magnetic
component of the test object that passes through the
gradient magnetic field;

a substrate that encloses the magnetoresistive element and
outputs the change in resistance value from the output
terminal of the magnetoresistive element; and

an electrical connector that electrically connects a pad of
the substrate and the output terminal of the magnetore-
sistive element;

wherein

the magnetoresistive element is provided in an area where
magnetic field intensity is weak, which is where the
magnetic field intensity in the conveyance direction of
the gradient magnetic field is near zero; and

the test object passes through an area where the magnetic
field intensity of the gradient magnetic field is stronger
than the area where the magnetic field intensity is weak.

9. The magnetic sensor device according to claim 8, further

comprising resin that covers the magnetoresistive element
and electrical connector so as not protrude from a surface of
the substrate.
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10. The magnetic sensor device according to claim 8,

wherein

the magnetoresistive element is such that a first rectangu-
lar-shaped resistor pattern and a second rectangular-
shaped resistor pattern each having one side located in a
direction parallel to the conveyance direction and are
connected in series, and

a connection point between the first rectangular-shaped
resistor pattern and the second rectangular-shaped resis-
tor pattern that are connected in series is connected to the
output terminal.

11. The magnetic sensor device according to claim 10,

wherein

a first of the two resistive elements is arranged such that a
length thereof extends in a direction that is orthogonal to
conveyance direction, and

a second of the two resistive elements is arranged such that
a length thereof extends in the conveyance direction.

12. The magnetic sensor device according to claim 10,

wherein

the two resistive elements are patterns that have a mean-
dering shape.

13. A magnetic sensor device, comprising:

a housing that includes a first slit, which is an insert open-
ing for a test object, a hollow section, which is a con-
veyance path for the test object that has been inserted
through the first slit, and a second slit, which is an output
opening for the test object that was conveyed through the
hollow section;

a first magnet that is provided in the hollow section and that
is arranged such that magnetic poles thereof alternate
along a conveyance direction of the test object;

a second magnet that is provided in the hollow sectionin a
position that faces the first magnet on an opposite side of
the conveyance path, and having magnetic poles
arranged along the conveyance direction in an opposite
polarity to the magnetic poles of the first magnet, the first
and second magnets forming a gradient magnetic field,
wherein the magnetic field component in the opposing
direction to the first magnet and the magnetic field com-
ponent in the conveyance direction both include a zero
point;

a magnetoresistive element provided between the test
object and the first magnet and that has an output termi-
nal, the magnetoresistive element being configured to
change a resistance value thereof based on a magnetic
component of the test object that passes through the
gradient magnetic field;

a substrate that encloses the magnetoresistive element and
outputs the change in resistance value from the output
terminal of the magnetoresistive element; and

an electrical connector that electrically connects a pad of
the substrate and the output terminal of the magnetore-
sistive element;

wherein

the magnetoresistive element is provided in an area where,
together with intensity of the magnetic field component
in the conveyance direction of the gradient magnetic
field being near zero, the intensity of the magnetic field
component in the opposing direction of the gradient
magnetic field is stronger than in other areas; and

the test object passes through an area where the intensity of
the magnetic field component in the opposing direction
of the gradient magnetic field is stronger than in other
areas.
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14. The magnetic sensor device according to claim 13,
further comprising resin that covers the magnetoresistive ele-
ment and electrical connector so as not protrude from a sur-
face of the substrate.

15. The magnetic sensor device according to claim 13,
wherein

the magnetoresistive element is such that a first rectangu-
lar-shaped resistor pattern and a second rectangular-
shaped resistor pattern each having one side located in a
direction parallel to the conveyance direction and are
connected in series, and

a connection point between the first rectangular-shaped
resistor pattern and the second rectangular-shaped resis-
tor pattern that are connected in series is connected to the
output terminal.

16. The magnetic sensor device according to claim 15,

wherein

the first resistor pattern is arranged such that a long side of
the rectangular shape extends in a direction that is
orthogonal to conveyance direction, and

the second resistor pattern is arranged such that a long side
of the rectangular shape extends in the conveyance
direction.

17. The magnetic sensor device according to claim 15,

wherein

the firstresistor pattern and the second resistor pattern both
have a meandering shape.

18. A magnetic sensor device, comprising:

a housing that includes a first slit, which is an insert open-
ing for a test object, a hollow section, which is a con-
veyance path for the test object that has been inserted
through the first slit, and a second slit, which is an output
opening for the test object that was conveyed through the
hollow section;

afirst magnet that is provided in the hollow section and that
is arranged such that magnetic poles thereof alternate
along a conveyance direction of the test object;

a second magnet that is provided in the hollow section in a
position that faces the first magnet on an opposite side of
the conveyance path, and having magnetic poles
arranged along the conveyance direction in an opposite
polarity to the magnetic poles of the first magnet, the first
and second magnets forming a continuous gradient mag-
netic field in the conveyance direction;

a plurality of magnetoresistive elements provided in an
array in a direction orthogonal to the conveyance direc-
tion between the test object and the first magnet and that
have output terminals, and are such that the resistance
values thereof change based on a magnetic component
of the test object that passes through the gradient mag-
netic field;

a substrate that encloses the plurality of magnetoresistive
elements all together and outputs change in resistance
values from the output terminals of the plurality of mag-
netoresistive elements; and

an electrical connector that electrically connects pads of
the substrate and the output terminals of the magnetore-
sistive elements;
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wherein

the plurality of magnetoresistive elements are provided in
an area where magnetic field intensity is weak, which is
where the magnetic field intensity in the gradient mag-
netic field is near zero; and

the test object passes through an area where the magnetic
field intensity of the gradient magnetic field is stronger
than the area where the magnetic field intensity is weak.

19. A magnetic sensor device, comprising:

a housing that includes a first slit, which is an insert open-
ing for a test object, a hollow section, which is a con-
veyance path for the test object that has been inserted
through the first slit, and a second slit, which is an output
opening for the test object that was conveyed through the
hollow section;

a first magnet that is provided in the hollow section and that
is arranged such that magnetic poles thereof alternate
along a conveyance direction of the test object;

a second magnet that is provided in the hollow sectionin a
position that faces the first magnet on an opposite side of
the conveyance path, and having magnetic poles
arranged along the conveyance direction in an opposite
polarity to the magnetic poles of the first magnet, the first
and second magnets forming a gradient magnetic field,
wherein the magnetic field component in the opposing
direction to the first magnet and the magnetic field com-
ponent in the conveyance direction both include a zero
point;

a plurality of magnetoresistive elements provided in an
array in a direction orthogonal to the conveyance direc-
tion between the test object and the first magnet and that
have output terminals, and are such that the resistance
values thereof change based on a magnetic component
of the test object that passes through the gradient mag-
netic field, each magnetoresistive element including two
resistive elements having a length dimension longer than
awidth dimension and oriented to be symmetrical about
a midline of the first and second magnets;

a substrate that encloses the plurality of magnetoresistive
elements all together and outputs change in resistance
values from the output terminals of the plurality of mag-
netoresistive elements; and

an electrical connector that electrically connects pads of
the substrate and the output terminals of the magnetore-
sistive elements;

wherein

each of the magnetoresistive elements is provided in an
area where, together with intensity of the magnetic field
component in the conveyance direction of the gradient
magnetic field being near zero, the intensity of the mag-
netic field component in the opposing direction of the
gradient magnetic field is stronger than in other areas;
and

the test object passes through an area where the intensity of
the magnetic field component in the opposing direction
of the gradient magnetic field is stronger than in the other
areas.



